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[1] The European Centre for Medium-Range Weather Forecasts (ECMWF) 40-year Re-
analysis (ERA-40) ozone and water vapor reanalysis fields during the 1990s have been
compared with independent satellite data from the Halogen Occultation Experiment
(HALOE) and Microwave Limb Sounder (MLS) instruments on board the Upper
Atmosphere Research Satellite (UARS). In addition, ERA-40 has been compared with
aircraft data from the Measurements of Ozone and Water Vapour by Airbus In-Service
Aircraft (MOZAIC) program. Overall, in comparison with the values derived
from the independent observations, the upper stratosphere in ERA-40 has about 5–10%
more ozone and 15–20% less water vapor. This dry bias in the reanalysis appears to
be global and extends into the middle stratosphere down to 40 hPa. Most of the
discrepancies and seasonal variations between ERA-40 and the independent observations
occur within the upper troposphere over the tropics and the lower stratosphere over the
high latitudes. ERA-40 reproduces a weaker Antarctic ozone hole, and of less vertical
extent, than the independent observations; values in the ozone maximum in the tropical
stratosphere are lower for the reanalysis. ERA-40 mixing ratios of water vapor are
considerably larger than those for MOZAIC, typically by 20% in the tropical upper
troposphere, and they may exceed 60% in the lower stratosphere over high latitudes. The
results imply that the Brewer-Dobson circulation in the ECMWF reanalysis system is too
fast, as is also evidenced by deficiencies in the way ERA-40 reproduces the water
vapor ‘‘tape recorder’’ signal in the tropical stratosphere. Finally, the paper examines the
biases and their temporal variation during the 1990s in the way ERA-40 compares to the
independent observations. We also discuss how the evaluation results depend on the
instrument used, as well as on the version of the data.
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1. Introduction

[2] During the last three decades satellites have been an
important source of atmospheric data. They have been
providing measurements for a range of atmospheric species,
with good temporal and geographical coverage. These
measurements may, however, have substantially different
accuracies; they are not uniformly distributed in space or
time; and data suppliers commonly release upgraded prod-
ucts, so that research findings may need to be checked.
[3] The above shortcomings have been ameliorated, to

some extent, as a result of improved methods in data
assimilation. The latest reanalysis, European Centre for
Medium-Range Weather Forecasts (ECMWF) 40-year Re-

analysis (ERA-40) [Uppala, 2001], is based on the use of a
single, 3-D (variational) data assimilation scheme, which
has processed data from September 1957 to August 2002 in
a consistent manner. Together with the reanalysis from
National Center for Atmospheric Research/National Centers
for Environmental Prediction (NCEP/NCAR), which spans
the period from 1948 onward [Kalnay et al., 1996; Kistler et
al., 2001], ERA-40 provides global analyses of the atmo-
sphere during this period. For atmospheric ozone and water
vapor, ERA-40 currently represents the largest continuous
data sets available. ERA-40 was set up in order to improve
further the results of the previous reanalysis, ERA-15,
which was also produced by ECMWF covering the period
January 1979 to February 1994 [Gibson et al., 1997].
[4] Even though several difficulties are still encountered

in data assimilation schemes, they are considered an indis-
pensable scientific technique, particularly when applied in
weather forecasting and environmental monitoring. A prin-
cipal question regarding the output of such schemes is to
what extent the reanalysis results are trustworthy, especially
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